ABSTRACT
stilbestrol (DES) or Synovex-S@ (SYN).
These physiological changes imply that basal metabolic rate and maintenance requirements are increased. A study by Oltjen et al. (1973) showed that DES-implanted growing beef steers fed to lose 1 kg BW daily lost more weight than did controls; in contrast, DES improved ADG in these steers under ad libitum intake before and after the restricted intake period. These data suggest an interaction between level of nutrition and gain response to estrogenic growth promoters; however, there is a paucity of data comparing the effects of estrogenic growth promoters under conditions of limited nutrition.
The purpose of this study was to use a regression approach to determine more clearly the influence of estrogenic growth promoters on performance and N balance under the same conditions and in the same steers fed different levels of intake and during fast. Although DES is no longer approved for use, both DES and SYN were used in this study because of the large amount of production data available for both of these materials and an interest in examining the similarity of their action.
Experimental Procedure
Trial I . Eight medium-frame Angus steers averaging 322 kg initial BW at the beginning of the trial were housed individually in indoor pens (1.9 x 3.6 m) with outside runs (1.9 x 5.7 m) and fed the same diet (Table 1) for 4 wk before and during the trial. The trial consisted of five periods. The first four periods of the trial comprised a 4 x 4 replicated Latin square design with intake treatments being four levels of daily DMI (1.3, 2.7. 4.4 and 7.4 kg). The highest level of intake was set based on previous experience feeding similar diets in the same facility. This level was considered to be near ad libitum (2.3% of average initial BW) but still allowed complete consumption of diet. Each of the four periods consisted of 1 wk of intake transition, 5 wk of feeding and 1 wk in metabolism crates ( 2 d adaptation and 5 d total collection). The f i i period, which followed the Latin square, consisted of 1 wk of intake transition, 5 wk during which all steers were fed 7.4 kg DM and 1 wk of fasting in metabolism crates. Total collection was obtained during the fast 3 d of fast.
Before the trial, all eight steers were fed 4.4 kg of DM daily. At the beginning of the trial, the steers were paired, based on similar BW, and the pairs were assigned at random to intake level. The treatment sequence of the Latin square was balanced across periods for intake level. One steer in each pair was selected randomly to receive 10 rng DES in 20 g cottonseed meal daily with the morning feed throughout the trial. The control steer received 20 g cottonseed meal without DES with the morning feed. The 20 g cottonseed meal with and without DES also were fed during 1 wk of fast that occurred at the end of the fifth period in each trial. The steers were fed half their daily feed at 0800 and half at 1600; water was available continuously.
The steers were weighed on two consecutive days at the end of each diet transition, once weekly during the 5-wk feeding, on two consecutive days before being placed in metabolism crates and once when removed from the crates. Feed offered and refused was recorded daily throughout the trial. Weekly samples of diet during the 5-wk feeding and daily samples during the total collection were composited for analysis. During the total collections, the amounts of daily feces and urine for each steer were recorded and 10% by weight was frozen. These daily aliquots later were composited for each collection period for analysis. Hydrochloric acid solution was added to each urine collection vessel to maintain collected urine pH at approximately 2.
Feed, feed refusal and feces samples were analyzed for DM (65°C to a constant weight). Feed and refusals, wet feces and urine were analyzed for total N by macro-Kjeldahl.
TriaZ 2. This trial was similar to Trial 1. Eight medium-frame Angus steers, averaging 278 kg initial BW at the beginning of the trial, were individually housed and fed the same diet used in Trial 1 for 4 wk before and during the trial. The trial consisted of five periods. The first four periods of the trial comprised a 4 x 4 replicated Latin square with intake treatments being 1.3, 2.9, 4.3 and 6.6 kg daily DM consumption. As in Trial 1, the highest intake level was 2.3% of average initial BW. Each of the four periods (63d duration) consisted of 1 wk of intake transition, 5 wk of feeding, 1 wk in metabolism crates (2-d adaptation and 5-d total collection) and 2 wk of implant depletion. The fifth period was conducted as in
Before the trial, all steers were fed 4.3 kg DM daily. At the beginning of the trial, the steers were paired and assigned to intake level as in Trial 1. One steer in each pair was implanted with SYN3. The same steers were reimplanted throughout the trial at the beginning of each 5-wk feeding. The 63 d between implanting is consistent with the manufacturer's recommended 60-d period before reimplanting. Steer management and sample collection and analyses were the same as in Trial 1.
Sran'srical Analysis. Within each trial, BW gain (regression coefficient of weekly BW over 5 wk of feeding) and metabolism measurements for periods 1 through 4 were statistically analyzed as a replicated Latin square (Steel and Torrie, 1961 ) using procedures of SAS (1982). Replicates were either DES or SYN treatment vs control. Periods 1 through 4 of both trials also were combined in a similar analysis in which trial (confounded with the generalized effect of type of growth promoter) was added to the model as a main effect. Data from the fifth period within each trial were analyzed separately by ANOVA to compare control vs growth promoter treatments. The two trials also were combined for ANOVA, with trial and growth promoter as main effects (trial being confounded with type of growth promoter). Synovex-S* and DES are thought to act similarly; thus, combined analyses of Trials 1 and 2 were conducted to summarize the general effect of estrogenic growth promoter treatment.
Linear and quadratic regressions were described (SAS, 1982) using the individual animal data from each trial (period 1 through 4) and the combined data from both trials. Measurements were regressed on DMI. Differences in slopes between growth promotertreated and control steers were tested by Student's t-test.
Results
Intake and Gain, 5-wk Feeding for Periodr 1 Through 4. Daily DMI, BW gains and the regression of BW gain on DMI are summarized in Table 2 . Weight gain was affected by The highest level of DMI (near ad libitum) differed between Trials 1 and 2 because of differences in average initial BW of steers between the two trials. In both trials, the regression coefficients for control and growth promoter steers were different from 0 (P < .01) and the coefficients for control steers were different from the respective growth promoter steers (P < .05). The quadratic function did not improve the fit of the data, with R2 values for quadratic of .95 and .93 for control and growth promoter steers, respectively, vs respective values of .93 and .93 for linear. Increase in BW gain per unit of increase in DMI was 18.8% greater for DES steers than for control steers and 29.0% greater for SYN steers than for control steers. In both trials, the calculated DMI at 0 BW gain was similar for control and growth promoter steers but the projected BW loss at 0 DMI was 21.6% and 29.0% greater for the growth promoter steers vs control steers in Trials 1 and 2, respectively. For the combined data, the regression coefficients for BW gain on DMI level were different (P e .01) from 0 and different (P < .01) between growth promoter and control steers. Increase in BW gain per unit increase in DMI was 22.8% greater for growth promoter steers and projected weight loss of growth promoter steers was 26.9% greater than control steers at 0 DMI. Dry matter intake at 0 BW gain was similar for both growth promoter and control steers.
Digestion and N Balance, Periods 1 Through 4. Daily DMI during the 5-d total collection, apparent digestibilities of DM and CP and the regression of digestibilities on DMI are summarized in Table 3 . Dry matter digestibility was affected by DMI in DES (P < .05, SE = l.l%), SYN (P < .01, SE = .9%) and combined (P < .01, SE = .7%) trials. Dry matter digestibility was not affected by DES (P > .lo, SE = .8%) but was greater in SYN steers (P < .05, SE = .7%) and greater (P < .05, SE = .5%) for the growth promoter steers in the combined analysis. Dry matter digestibilities decreased from approximately 81% to 76% as daily DMI increased from 1.3 to 6.7 kg in Trial 1 and from 83% to 76% as daily DMI increased from 1.3 to 5.6 kg in Trial 2. Some of the steers on the highest level of DMI would not consume the same amount of feed during the total collection as was consumed during the 5-wk feeding. The regression coefficients for DM digestibility regressed on DMI were negative and different from 0 for the control (P < .01) and DES (P < .lo) steers in Trial 1 and for both the control and SYN (P < .Ol); steers in Trial 2. For the combined data, the regression coefficients for DM digestibility on DMI were different (P < .01) from 0. There was a trend (P > .lo) for the regression coefficients to be less negative for growth promoter steers. Calculated DM digestibility at maintenance intake was approximately 1.7 percentage units greater for the growth promoter steers. Crude protein digestibility was not affected by DMI in the DES or combined trials (P > .lo, SE = 1.5 and 1.0% for DES and combined trials, respectively) but trended higher (P <
.lo, SE = 1.3%) for the SYN steers. Crude protein digestibility was not affected by growth promoter (P > .lo, SE = 1.0, .9 and .7% for the DES, SYN and combined trials, respectively). Except for the DES steers (Trial l), CP digestibilities tended to decrease as DMI increased, particularly in Trial 2, in which the regression coefficients for CP digestibility were different from 0 for both control (P < .OS) and SYN (P < .lo) steers. As with DM digestibility, the regression coefficients for CP digestibility tended to be less negative for growth promoter steers than for control steers (significant in Trial 1, P < .05).
For the combined data, the regression coefficient for CP digestibility on DM3 for control steers was different (P < .05) from 0 and the regression coefficients for control and growth promoter steers were different (P < .OS), the control steers being more negative. d~~ of digestibility at a fied DMI.
eRegression coefficient different from 0, P c .01. fRegression coefficient different from 0, P < .lo. gRegression coefficient different from 9, P < .05. +egression coefficient for +promoter different from -promoter (P < .05), Student's t-test.
Daily N intakes, urine N as a percentage of digested N, N balance and the regression of N balance on DMI for Trials 1 and 2 are summarized in Table 4 . Daily urine N was affected by DMI in the DES and combined trials (P < .01; SE = 5.2 and 6.7% for the DES and combined trials, respectively) and the SYN trial (P < .05; SE = 12.3%). Daily urine N was not affected by growth promoter (P > .10; SE = 3.7, 8.7 and 4.7% for the DES, SYN and combined trials, respectively). In general, the absolute values for urine N, as a percentage of digested N, was markedly greater for the lowest level of DMI than for the other three levels and was greater at the lowest level of DMI for both the DES and SYN steers than for control steers. Increase in N balance per unit of increase in DMI was 31.7% greater for DES steers than for control steers and 25.3% greater for SYN steers than for control steers. The conceptualized growth promoter response for BW gain and N balance over DMI level is visualized in Figure 1 with DMI presented as calculated ME intake per kilogram metabolic body size (~t~~) .
Metabolizable energy intake was calculated from DMI using the individual digestibility data and using 4.25 and 3 2 as constants for converting DMI to GE intake and DE intake to ME intake, respectively (NRC, 1984 and N balance, the regression coefficients were greater than 0 (P > .01) and different from each other (P < .05) for control and growth promoter steers. The fit of the data was not improved by the quadratic function. Quadratic R2 values for BW gain data were .93 and .89 for control and growth promoter steers, respectively, and corresponding values for linear regression of .91 and .89. Values for N balance were .61 and .58 for quadratic and .61 and .58 for linear. Compared to control steers, ME intake at 0 BW gain was slightly higher for growth promoter steers (3.3%) and higher at 0 N balance (24.8%) for growth promoter steers.
Growth and Fasting N Balance, Period 5. Body weights, daily DMI and BW gains and fasting N excretion and N balance during the fifth period of each trial are summarized in Table 5 . Dry matter intakes and BW gains were similar for both trials. Daily BW gains were not statistically different (P > .lo) ktween control and growth promoter steers, although absolute BW gain in both trials was greater for the growth promoter steers. The average response for both trials was approximately a 12% increase in BW gain. The small number of steers and the short feeding period contributed to the inability to detect statistical differences. During fast, average N excretion, particularly urine N, was greater for growth promoter steers than for control steers. For the combined data, fasting urine N was greater (P < .05) for growth promoter steers than for control steers. Likewise, fasting N balance was more negative for growth promoter steers than for the control steers.
Discussion
Numerous studies have been reported during the past 30 yr demonstrating the positive effects of estrogenic growth promoters on growth efficiency and protein deposition in growing ruminants (Preston, 1975; Heitzman, 1980) . Most have been conducted under nutritional conditions that support optimal growth as in the near ad libitum treatment in the current trials. Under optimal growth conditions, improved feed conversion measured in terms of BW gain or protein deposition is attributable to a shift in tissue deposition toward greater lean tissue and less fat. However, in terms of energy efficiency under optimal conditions, a slaughter-balance trial (Rumsey et al., 1981) showed no effect of DES on the overall conversion of feed energy to gross tissue energy in steers fed for the same time period. Similarly, in a recent trial (Rumsey et al., 1988) , SYN did not significantly increase energy deposition in steers fed equal energy intakes, although absolute deposition was approximately 6% greater in SYNtreated steers than in nontreated steers. In contrast to these results, DES (Byers, 1979) and SYN (Byers, 1982) were shown to reduce the efficiency of ME use in growing steers. Although these results tend to be inconsistent with results from the slaughter-balance trials, any changes that may occur in energy efficiency could be attributed to a shift toward the less energy efficient process of protein deposition compared to fat deposition. Variability of results may be related to our inability to measure an overall production efficiency re- sponse given variability in endpoint body composition, a small but real metabolic change and variation in digestibility among animals. Few studies have been conducted that focus on the physiological shifts that occur in estrogen-treated cattle that help explain the effect of estrogenic growth promoters on metabolism. Reports in cats (Reilly, 1953) and rats (Stoppani et al., 1966) suggest that DES has a direct negative effect on cellular energy efficiency through an uncoupling of the electron transport system. Earlier reports by Rumsey et al. (1980) suggest that basal metabolic rate is increased with estrogenic growth promoter treatment. If this is true, a plot of productive function vs level of DMI as measured in the current trials should show different slopes for estrogenic growth promoter-treated and nontreated steers with a crossover near or above maintenance. Thus, under nutritional conditions for optimal growth, the response to estrogenic growth promoters would be positive in treated vs nontreated steers, as noted in numerous studies, but below maintenance the response should be negative in treated vs nontreated steers. The current trials showed a negative response for both DES and SYN below maintenance and a similar shift in response to growth promoter as intake increased. As DMI increased, growth rate and N balance increased linearly and more rapidly in treated steers than in nontreated steers, with a crossover slightly above maintenance intake for both growth and N balance. This is consistent with the observations of Oltjen (1973) that showed greater weight loss in limit-fed steers that were treated with DES and suppoas a conclusion of a direct effect on metabolic rate separate from a shift in tissue deposition. If the suggested shift in energy efficiency is a result of a shift in tissue deposition, then negative responses would not necessarily be expected to occur below maintenance, where tissue accretion is not supported. A practical question is what level of DMI is required to support a measurable response to estrogenic growth promoters. If BW gains are predicted from the control and promoter regressions and these predicted values are compared over intake level, 0 response occurred in the current study at approximately 1.2 times maintenance intake, a 10% response occurred at approximately 1.4 times maintenance and the response increased asymptotically to the highest level of DMI. The N balance response pattern was similar to BW gain response over level of DMI. This data set would suggest that a measurable response to estrogenic growth promoters occurs over most of the DMI range above maintenance intake of adequately balanced diets.
lmpllcations
Estrogenic growth promoters increased basal metabolism; thus, maintenance requirements are increased by estrogenic growth promoters, as reflected by both greater body weight loss and nitrogen loss during below maintenance dry matter intake. Rates of body weight gain and nitrogen retention increased more rapidly in steers treated with estrogenic growth promoters as dry matter intake increased such that performance response at near ad libitum level of intake in this study was similar to that seen for most feedlot trials and that metabolizable energy intake required to maintain tissue balance was slightly greater for steers treated with estrogenic growth promoters.
